An experiment was conducted to determine if exogenous luteinizing hormone-releasing hormone (LHRH) administered iv intermittently as pulses (P) or by continuous sc infusion (I) usin~ osmotic minipumps could sustain pulsatile LH release and induce estrous cyclicity in prepubertal heifers. Prepubertal heifers were assigned randomly to: 1) receive pulses of LHRH (n=6; 2.5 /ag LHRH/2 h for 72 h), 2) be infused with LHRH (n=ll; 1.25 /ag LHRH/h for 72 h), or 3) serve as controls (n=16). Blood was collected at 20-min intervals for 8 h (0900 to 1700 h) from six heifers in each group on d 1, 2, 3 (during treatment), and on d 4 (during 8 h after terminating LHRH treatments). Heifers given LHRH had higher (P<.01) LH concentrations than controls. Preovulatory-like LH surges occurred in three I, two P and no control heifers during treatment. Pulse frequencies of LH (no. LH pulses/8 h) were greater (P<.O01) for P heifers than for I and control heifers due to pulsatile LHRH treatment. Serum estradiol was higher (P<.O1) during treatment for LHRH-treated heifers than for controls. Serum follicle-stimulating hormone, cortisol, and progesterone were unchanged during treatment. High levels of cortisol on d 1 declined (P<.O01) to baseline by d 2. Characteristic progesterone rises or short luteal phases occurred within 10 d of treatment initiation in more (P<.05) LHRH-created heifers (I=45%, P=33%) than controls (6%), although days to first observed estrus and first ovulation were unaffected by treatments. Although both continuous and pulsatile administration of LHRH successfully induced LH and estradiol release as well as preovulatory-like LH surges in some heifers, earlier initiation of estrous cycles was not achieved. Estrous cycles appeared to be delayed by exposure to continuous LHRH infusions during the peripubertal period.
Introduction
Age at puberty is an important reproductive event in beef heifers. Heifers wean more calves during their lifetime when they calve first as 2-yr-olds than as 3-yr-olds or older (Pope, 1967; Short and Bellows, 1971; Leismeister et al., 1973) . Heifers attaining puberty before or at the onset of the breeding season have greater opportunity to conceive during the breeding season. However, a larger percentage of yearling heifers fail to reach puberty at the start of the first breeding season (Wiltbank et al., 1969; Arije and Wikbank, 1971) .
Endocrine events associated with puberty in heifers were first described by Gonzalez-Padilla et al. (1975b) . Luteinizing hormone (LH) concentrations were elevated and more variable during the peripubertal period than after onset of puberty for heifers (Gonzalez-Padilla et al., 1975b) and ewe lambs (Ryan and Foster, 1980) . Secretion of LH immediately preceding puberty was characterized by an increased frequency of low-amplitude pulses (GonzalezPadilla et al., 1975b; Ryan and Foster, 1980) . Pulsatile luteinizing hormone-releasing hormone (LHRH) stimulation of the anterior pituitary initiated pulsatile release of LH and was sufficient to induce ovarian cycles in prepubertal monkeys (Wildt et al., 1980) and lambs (Ryan and Foster, 1980) . However, in after a decrease in the negative feedback of estradiol occurred as heifers approached puberty (Schillo et al., 1982a,b; Day et al., 1984) . This response was consistent with the classical gonadostat theory proposed by Raminez and McCann (1963) , suggesting that a decrease in the sensitivity of hypothalamic and pituitary centers controlling gonadotropin secretion to the negative feedback of estradiol was associated with the onset of puberty. Our objectives were to determine whether pulsatile secretion of LH could be sustained and(or) increased by intermittent pulses or continuous infusion of LHRH, and if puberty could be induced by different modes of LHRH treatment.
Materials and Methods
Experimental Design. Crossbred heifers (n=57, 12 to 14 mo of age) of Hereford, Polled Hereford, Brangus and Red Angus breeding, from one ranch at Cassoday, Kansas, were transferred to Kansas State University (May 1984) . Yearling heifers were used because we hypothesized that if our treatments were effective that peripubertal heifers should respond more readily than younger heifers. All heifers were bled once weekly by jugular venipuncture for 4 wk before beginning our treatments to eliminate pubertal heifers. Heifers with serum progesterone concentrations exceeding 1 ng/ml in any sample were eliminated. Using this criterion, 33 heifers were classified as prepubertal and were allotted randomly to one of three treatment groups.
An LHRH-pulsed treatment group (P) received iv injections of 2.5 /ag LHRH s (Sigma L7134) in 2 ml saline at 2-h intervals for 72 h through jugular cannulae beginning on d 1. Six heifers (277 + 9 kg body wt) were assigned to this group. An LHRH-infused treatment group (I) received an Alzet | osmotic minipump 6 implanted sc in the neck region of each heifer on d 1. Osmotic minipumps were filled with 241 mg LHRH s diluted in 2 ml saline. Pumping s Sigma Chem. Co., St. Louis, MO 63178. 6 Alza Corp. Palo Alto, CA 94303. rate of minipumps was 10.3 /.tl/h or 1.25 gg LHRH/h for 72 h. Eleven heifers (276 -+ 6 kg body wt) were assigned to the I group. Control heifers (n=16) were untreated (281 +-5 kg body wt) and did not receive minipumps nor pulses of saline. There were nearly equal numbers of control (n=16) and LHRH (P + l)-treated (n=17) heifers.
Sampling Protocol. Eighteen heifers were selected randomly (six from each treatment) to be cannulated for frequent blood collection. Heifers were haltered and tied in box stalls from 0900 to 1700 h for 4 d to acclimate heifers to new surroundings. Heifers were cannulated via a jugular vein 1 d prior to treatment, and cannulas were filled with a sodium-citrate (3.5%) solution containing 3,000 IU penicillin G/ml. Heifers were restrained by rope halters from 0900 to 1700 h during blood collection and were unrestrained in box stalls for the remainder of the day, except when P heifers received pulsatile-LHRH injections every 2 h. Heifers were fed diets of prairie hay and milo grain at 0800 and 1800 h daily. Those heifers not frequently bled were maintained in drylot and received similar diets.
Blood was collected from cannulated heifers at 20-rain intervals from 0900 to 1700 h during treatment (d 1, 2, 3 and 4). Pulsatile LHRH injections for the P group were initiated at 0900 on d 1 and continued at 2-h intervals for 72 h until d 4 at 0900 h. Infused heifers were implanted with osmotic minipumps from 0800 to 1000 h on d 1. Osmotic minipumps were removed beginning at 0800 h on d 4. Blood sampling continued for 8 h (d 4) after terminating LHRH treatments. Blood was collected immediately preceding each LHRH injection during daily 8-h sampling periods. Cannulas were flushed with 3 to 4 ml of sodium-citrate solution following blood collection and LHRH injections. Estrous activity was monitored twice daily (30 rain/check) for a 49-d artificial insemination period after treatment. Heifers were inseminated artificially when detected in estrus. Blood also was collected from all heifers on Monday, Wednesday and Friday for 7 wk after treatment to determine time of first pubertal ovulations.
All blood samples were kept on ice following collection and then held at 5 C for 24 h until serum was obtained by centrifugation. Serum was frozen at -20 C until assayed. All individual serum samples (25/d) from 18 heifers housed in box stalls during the 4-d treatment period were radioimmunoassayed for LH and hourly samples (9/d) for 4 d were assayed for follicle stimulating hormone (FSH). Daily serum pools from each of 18 heifers during the treatment period were assayed for cortisol, estradiol-17~ and progesterone. All thriceweekly serum samples collected after treatment also were assayed for progesterone.
Gonadotropins. Serum concentrations of LH
were measured by double-antibody radioimmunoassay (RIA) according to Niswender et al. (1969) , with some modifications, lZ~l-labeled sodium was used to replace 131 I-labeled sodium; purified bovine LH (LER 1716-2) was iodinated by chloramine-T method (Greenwood et al., 1963) . Rabbit anti-ovine LH (#15) was purchased from Dr. G. D. Niswender, Colorado State University. Standard reference preparation was bovine LH (NIH-LH-B4). Intra-assay coefficient of variation was 4.7% and interassay coefficient of variation was 2.1% with a sensitivity of 50 pg/tube. Follicle stimulating hormone concentrations in hourly samples were determined by RIA according to Akbar et al. (1974) .
Progesterone. Serum progesterone concentrations were quantified by RIA according to Stevenson et al. (1981) . Serum progesterone was measured using a highly specific antiserum obtained from immunizing rabbits against progesterone-11-hemisuccinate: BSA 7 . Tritiatedprogesterone extracted from bovine serum with ethyl acetate averaged 85% in four assays. Progesterone was recovered quantitatively when added to serum (r=.99). A regression of concentrations determined from increasing volumes of a serum pool paralleled progesterone standards. Cortisol. Serum cortisol was measured in one RIA using a specific antiserum obtained from immunizing rabbits against cortisol-3-hemisuccinate: BSA s. Specificity of antiserum was tested against 14 different steroids and only cross-reacted slightly (at 50% binding the inhibition of labeled cortisol) with 11-deoxycortisol (7.5%), cortisone (.6%) and progesterone (2.4%). Cross-reactivity was nil with corticosterone (<.1%), deoxycorticoserone (< .01%), 21-deoxycortisone (<.1%), ll0~-hydroxy-progesterone (<.1%), 11/3-hydroxy-progesterone (<.1%), 17~-hydroxy-progesterone (<.1%), 20~-dihydro-progesterone (<.1%), 203-dihydroxy-progesterone (<.1%), pregnenolone (<.1%), testosterone (<.1%) and androstenedione (<.1%). Tritiated-cortisol extracted from bovine serum with ethyl acetate was 87% in one assay. Cortisol was recovered quantitatively.
When 50, 60, 80, 200, 400, 600 and 800 pg cortisol were added to .1 ml bovine serum, cortisol recovered was 51, 63, 80, 190, 379, 592 and 702 pg (r=.997) , respectively. Serum curves paralleled cortisol standards. Variable volumes of serum (.1, .15 and .2 ml, n=4 each) from a cow measured 12.9, 12.7 and 8.9 ng/ml. Assay sensitivity was 20 pg/tube and intra-assay coefficient of variation was 12.1%.
Definitions. A rise in LH concentration was
defined as a pulse, using criteria previously established (Riley et al., 1981; McLeod et al., 1982a ). An increase in serum LH was designated as an LH pulse when: 1) the highest LH concentration attained was 50% above the preceding nadir; 2) at least two consecutive LH values were between the peak value and the following nadir value and 3) the rate of decline from LH peak values was not greater than the half-life of LH, which is approximately 35 min in bovine serum (Schams and Karg, 1969) . Pulse amplitude was defined as the maximum LH level associated with an LH pulse. Preovulatory-like LH surges were defined as a distinct elevation in LH (> 10 ng/ml) with a duration of greater than 200 min. Serum progesterone concentrations during the 49-d period after treatment were used to determine first progesterone rise, first ovulation and duration of the first estrous cycle. A progesterone rise was defined as an increase in serum progesterone to greater than 1 ng/ml for 2 or more d. The following criteria described by Stevenson and Call (1983) were utilized to estimate day of ovulation: 1) ovulation occurred 1 d following observed estrus if serum progesterone was less than 1 ng/ml at estrus; 2) if estrus was unobserved, ovulation occurred 2 d prior to an increase in progesterone exceeding .5 ng/ml but below 2 ng/ml; or 3) if estrus was unobserved, ovulation occurred 4 d prior to an increase in progesterone above 2 ng/ml.
Statistical Analysis. Data were subjected to analysis of variance using the General Linear Model procedure of the Statistical Analysis System (SAS, 1982) . Hormonal concentrations were analyzed as a split-plot analysis for repeated measurements. Heterogeneous treatment variance of hormonal data was tested and occurred for the analyses of LH and cortisol requiring log transformation. Treatment, day and treatment • day effects were examined. Treatment was tested by the between-animal variance (animal within treatment). Pre-planned orthogonal contrasts were made to compare controls vs I + P and I vs P. Other traits (days to first estrus) were analyzed by one-way analysis variance. Enumeration data were tested for independence by chi-square.
Results
Luteinizing Hormone. Characteristics of serum LH concentrations are summarized in table 1 for each treatment group. Heifers receiving LHRH regardless of delivery method (I=1.8 and P=1.5 ng/ml) had higher (P<.001) concentrations of serum LH than controls (.7 ng/ml) during the frequent sampling period. Daily means for LH during frequent blood sampling periods were similar on d 1 and 4, but less (P<.01) than those for d 2 and 3. Variation in daily LH means as well as large standard errors associated with treatment x day means reflect the variability of the LH response among heifers within and between treatments.
Variability of serum LH profiles during the 4-d period for five representative heifers (one control and two each from the LHRH treatment groups) are illustrated in figures 1 to 5. Part of the variability observed was a direct result of the LHRH treatments, as discussed below; another component of variability in serum LH concentrations was the occurrence of preovulatory-like LH surges in the LHRHtreated heifers. While none of the controls was observed to have an LH surge (figure 1), 3/6 I heifers (two on d 2 and one on d 3), and 2/6 P heifers (one on d 3 and one on d 4) had LH surges. For comparison, an example of one I heifer (figure 2) and one P heifer (figure 3) without LH surges is illustrated, as well as one I heifer (figure 4) and one P heifer (figure 5) with an LH surge during the 4-d period. In every case, the pulsatile pattern of LH was no longer observed after the LH surge (figures 4,5). Luteinizing hormone pulse frequency (no. pulses/8 h) is summarized in table 1. As illustrated in figures 1 to 5, all heifers exhibited varying frequencies of LH pulses durifig treatment. Heifers given LHRH every 2 h (P) rarely failed to release LH after LHRH, except during and after an LH surge. Pulsatile release of LH in P heifers (3.5 pulses/8 h) was greater (P<.O1) than that of I (1.2/8 h) and control (1.8/8 h) heifers. A similar increase (P<.05) in LH pulse frequency occurred for P than I heifers. Furthermore, LH pulse frequency declined (P<.01) on d 4 compared with d 1 to 3 across all treatments.
Amplitude of LH pulses (maximum concentration of LH pulse) for I heifers (5.8 + 1.7 ng/ml) was greater (P<.01) than that for control (4.4 + .3 ng/ml) and P (3.9 + .2) heifers. Again, pulse amplitude was apparently elevated because of LH surges in I heifers (3/6) on d 2 and 3 resulting in a treatment • day interaction (P<.O01). Pulse amplitude was higher (P<.01) on d 2, 3 and 4 compared with d 1.
Follicle Stimulating Hormone. Representative serum FSH profiles for five heifers also are illustrated in figures 1 to 5. Serum FSH was not elevated clearly by pulses or continuous infusion of LHRH. Consistent trends in FSH profiles in relation to LHRH and(or) LH levels were not obvious. However, three I heifers with LH surges exhibited similar declines in FSH before increasing during the LH surge. Analysis of FSH data showed no significant differences among treatments. A treatment • day interaction approached significance (P=.I 5). Cortisol. Serum cortisol was monitored as a measure of acclimation to the sampling protocol and treatments. Serum cortisol was similar during treatment for all three groups (data not shown). Peak values on d 1 (21 + 2 ng/ml) declined on d 2 (8 + 2 ng/ml), and remained unchanged thereafter on d 3 (6 +-2 ng/ml) and 4 (6 -+ 2 ng/ml). Day 1 cortisol concentrations were elevated (P<. duration and magnitude of first rises, were similar across treatments.
Estradiol. Serum estradiol concentrations
Average days to first observed estrus and days to first ovulation determined from serum progesterone were similar among treatments (table 3) . A tendency (P=.15) existed for controls to ovulate earlier than P heifers. Treatments with LHRH failed to initiate earlier onset of estrous cycles as 0/6 P and 2/11 I heifers began cycling withing 21 d compared with 5/16 controls. However, there also was a tendency (P=.12) for more heifers to cycle during the 53-d period in the control (75%) and P (83%) groups than in I heifers (45%). Heifers infused with LHRH that cycled first included one with an LH surge that ovulated by d 12 after onset of LHRH treatment, and one without LH surge that ovulated by d 16. Four (table 3) .
Discussion
In a preliminary study utilizing 22 prepubertal heifers in simih~r treatment groups, but using lower doses of LHRH, we found that neither iv pulses of LHRH (500 ng every 2 h for 96 h) nor continuous sc infusion of LHRH (250 ng/h) via osmotic minipumps were sufficient to support pulsatile LH release. Edwards et al. (1983) co ncluded that similar doses in anestrous suckled beef cows resulted in only limited LH release. However, LH concentrations were higher in our preliminary study for LHRH- pulsed heifers than for controls or those receiving LHRH infusions. In addition LHRH infusion elevated LH above control levels, in contrast to results in bulls (Schanbacher, 1984) and rhesus monkeys (Knobil, 1980) b'CMeans with different superscripts differ (P<.10).
dOrthogonal contrast: Control vs Infused + Pulsed (P<.01). Schillo et al., 1982a) . Pulse frequency for controls ranged from one to three pulses/8 h, which was greater than the one to four pulses/-24 h in 4-and 10-mo-old prepubertal heifers observed by McLeod et al. (1984) . While LH pulse frequency was nearly doubled in P heifers compared with I or control heifers, our data confirm findings of Pund and Amoss (1982) , who reported that a similar dose of LHRH produced LH pulses of 2 to 6 ng/ml, and both pulse frequency and pulse amplitude mimicked naturally occurring LH characteristics of prepubertal heifers. Riley et al. (1981) reported that the frequency of one LHRH pulse/2 h in suckled cows was sufficient for LH release. Luteinizing hormone-releasing hormone-pulsed heifers in our study exhibited definitive LH response to 2.5 gg LHRH. Four of six heifers responded to every LHRH challenge. The two remaining heifers only failed to respond after preovulatory LH surges on d 3 and d 4. Pulsatile LH release in the P heifers was consistent with other studies in prepubertal heifers (McLeod et al., 1984) , prepuhertal bulls (Schanbacher, 1984) , prepubertal lambs (Ryan and Foster, 1980) , postpartum anestrous suckled cows (Riley et al., 1981; Walters et al., 1982; Edwards et al., 1983) , and seasonally anestrous ewes (McNeilly et al., 1980; McLeod et al., 1982a,b) .
Our data demonstrate that LH pulses occurred in spite of continuous LHRH treatment, but at a lower rate than that of heifers receiving pulses of LHRH. Although LH pulse frequency in 1 heifers was similar to that of controls, LH concentrations were elevated and 3/6 heifers exhibited LH surges. These results agree with the LH response of ewes that received continuous LHRH infusions via osmotic minipumps (Amundson and Wheaton, 1979) . Although these workers found considerable disagreement in the theoretical and actual dosage of LHRH entering the peripheral circulation using the minipumps, they successfully induced ovulation in three of four seasonally anestrous ewes by administering LHRH. In contrast, Knobil (1980) concluded that continuous LHRH infusion reduced pituitary response to LHRH, regardless of LHRH dose in arcuate-lesioned adult female monkeys.
Follicle stimulating hormone concentrations were unchanged or tended to decline during the prepubertal to pubertal transition in heifers (Gonzalez-Padilla, 1975b; Schillo et al., 1983b) and ewe lambs (Foster and Karsch, 1975) . Serum FSH concentrations were unaffected by treatment regimens in our study. Mean levels of FSH were similar to concentrations previously reported in heifers (Gonzalez-Padilla et al., 1975b; Schams et al., 1981) , but higher than those reported by Schillo et al. (1983b) . Our dosage of LHRH may have been insufficient to stimulate pulsatile FSH release in P heifers. However, with a half-life of 2 h, it is unlikely that pulses of FSH release were undetected since concentrations were determined in samples collected at hourly intervals. Dosage of LHRH also failed to elevate FSFI significantly for I heifers. However, a characteristic decline and rise in FSH did appear to occur for I heifers during their LH surges. Pulsatile mode of FSH secretion was not apparent in any heifer and random fluctuations of FSH agreed with data in other LHRH-pulsed heifers (McLeod et al., 1984) , LHRH-pulsed anestrous cows (Riley et al., 1981) and prepubertal heifers (Gonzalez-Padilla et al., 1975b) . Luteinizing hormonereleasing hormone can stimulate FSH release in prepubertal heifers (Barnes et al., 1980) , but more than 200 gg was required. Reduced FSH response to LHRH occurred at 5 mo of age in bull and heifer calves (Schams et al., 1981) . Gonzalez-Padilla et al. (1975b) observed that serum estradiol concentration remained constant in heifers in days preceding estrus, with no distinct rise associated with LH peaks. However, ewe lambs and gilts had increased estradiol (see table 3 for characteristics of progesterone rises) and log scale on ordinate.
when approaching puberty (Ryan and Foster, 1980; Diekman and Trout, 1984) . Prepubertal heifers, 3, 6 or 9 mo of age, given (iv) 200/ag LHRH, failed to release estradiol coincident with LH surges (Barnes et al., 1980) . Prepubertal females respond to positive feedback of estradiol within weeks after birth in sheep (Foster and Ryan, 1979) and from 3 to 5 mo in cattle (Staigmiller et al., 1979; Schillo et al., 1983a) . In our study, distinct differences in estradiol were evident. The LHRH-treated heifers exhibiting surges had elevated serum estradiol compared with heifers without LH surges. These results indicated that LHRH induced LH and estradiol release, so serum estradiol concentrations peaked during preovulatory-like LH surges.
Although serum concentrations of cortisol were similar among treatments, cortisol was elevated on d 1 even though heifers were housed in box stalls for 4 d before treatments began. Elevations of cortisol likely resulted from initial stress associated with blood sampling. Cortisol declined thereafter, returning to baseline by d 2. No correlation existed between cortisol and the number of heifers with preovulatory-like LH surges. Diekman and Trout (1984) reported that cortisol levels were similar between gilts approaching puberty and those exhibiting pubertal estrus.
Serum progesterone was expectedly low during treatment. Rises of progesterone within 10 d of treatment occurred more frequently in LHRH-treated (P and I) heifers, suggesting possible luteinization of ovarian follicles or short luteal phases. Reasons for the failure of these short-term elevations of serum progesterone to induce early cycles when similar elevations were successful in a previous study (Gonzalez-Padilla et al., 1975a) are not known. However, duration of the short lived rises in serum progesterone averaged less than the 6-d implant of norgestomet used by GonzalezPadilla et al. (1975a) .
Number of heifers cycling within 53 d was similar between control (75%) and P (83%) heifers, but distinctly reduced in I (45%) heifers. Results from our preliminary study during a 45-d period of insemination after LHRH treatments were suprisingly similar where 6/7 (86%) controls, 7/8 (88%) P heifers and 3/7 (43%) 1 heifers began estrous cycles during 49 d after treatment. Amundson and Wheaton (1979) reported that continuous infusion of ewes with LHRH for 4 wk de- eNo. heifers or percent of total heifers assigned.
creased number of ovarian follicles greater than 2 mm in diameter. Continuous infusion of LHRH could have inhibited or delayed development of larger ovarian follicles in I heifers compared with control and P heifers during treatment. Pulsed heifers failed to show a decline in FSH levels, suggesting that administration of LHRH mimicked natural pubertal conditions and did not inhibit ovarian follicular growth or serum FSH secretion. It is possible that no decline occurred in FSH because populations of ovarian follicles were of similar size and maturity in all treatment _ groups.
Although pulsatile LHRH administration successfully induced puberty in infantile female rhesus monkeys (Wildt et al., 1980) , and prepubertal ewe Iambs (Ryan and Foster, 1980) , our treatments were not successful for inducing puberty. In other studies continuous iv infusion of LHRH resulted in down regulation of LHRH receptors (Conti et al., 1976; Hsueh et al., 1976; Ryan et al., 1977) , and might have deferred the onset of estrous cycles in our LHRH-treated heifers. This is possible because after combining results from this study with our preliminary work, fewer LHRH-infused heifers (3/7 and 5/11; 44%) began estrous cycles during the 6-to 7-wk post-treatment period than either control (6/7 and 12/16; 78%) or P heifers (7/8 and 5/6; 86%). Delayed onset of puberty for I heifers, however, did not appear to hinder conception rates at the end of the breeding season in either study.
In summary, results of our experiments confirmed the ability of LHRH to induce LH release when administered iv or sc and illustrated that 500 ng LHRH given iv every 2 h or 250 ng LHRH continuously infused sc every h (preliminary study) was not sufficient to support pulsatile LH release until dosages in the present study were increased fivefold to 2.5/.tg (iv) and 1.25 /ag (sc). Although continuous infusion of LHRH did not increase LH pulse frequency similar to results after pulses of LHRH, both continuous and pulsatile administration of LHRH were capable of increasing LH concentrations and inducing preovulatory-like LH surges. Serum estradiol peaked in most cases with LH surges and increased estradiol was most apparent in heifers receiving pulses of LHRH. While in both experiments estrous cycles appeared to be inhibited or delayed by exposure to continuous LHRH infusion during the prepubertal period, conception results at the end of the breeding season were comparable with controls. Although LHRH successfully induced LH and estradiol release, as well as preovulatory-like surges in some heifers, earlier initiation of estrous cycles was not achieved.
